Six pomegranate (Punica granatum L.) cultivars belonging to the 'Mollar' group were evaluated under homogeneus growing conditions. Chemical parameters, such as sugars, organic acids, and anthocyanin contents, and other quality parameters, including fruit weight, pH, total soluble solids, titratable acidity, and colour, were evaluated. Fruit weight was not significantly affected by cultivar. The highest TSS content was detected in juice from MO6 (15.81 • Brix). All cultivars were sweet, and the ripening index ranged from 59.14 (ME5) to 87.95 (MO6). The composition of pomegranate juice was dependent on the cultivar. Glucose was the major sugar in all evaluated cultivars (60-64% of total sugars), followed by fructose, maltose, and sucrose. Among the detected organic acids, citric acid was the predominant (>54%). The total anthocyanin content ranged from 72 to 200 mg per litre of juice, being the main anthocyanin cyanidin 3-glucoside followed by cyanidin 3,5-diglucoside. The principal component analysis and cluster analysis showed high dissimilarity levels in cultivars ME5, MO6, MA4, and MA5.
INTRODUCTION
Pomegranate has been considered a fruit tree species of minor importance, but the increased consumer demand for high nutritional quality foods opens new perspectives for consumption. Some clinical research studies suggest that pomegranate juice may be helpful against heart disease, [1] Alzheimer's disease, [2] and cancer. [3] [4] [5] Furthermore, it is able to change the blood parameters, such as LDL, HDL, and cholesterol. [6] [7] [8] [9] The fresh juice contains considerable amounts of total soluble solids (TSS), total sugars, reducing sugars, anthocyanins, phenols, ascorbic acid, and proteins, [10] and has also been reported to be a rich source of antioxidants. [11, 12] Pomegranate fruit maturity status is commonly assessed based on external (rind) colour, juice colour, and acidity of juice. [13] Similarly, the acceptability of pomegranate to the consumer and processor depend on a combination of several quality attributes that are related to the physico-chemical and mechanical properties, including rind colour, lack of 482 LEGUA ET AL. physical defects, sugar content, acidity, and flavour. [14] Qualitative and quantitative composition of organic acids and soluble sugars have been often regarded as an indicator of fruit quality traits. [15] In addition, these compounds are important to evaluate fruit maturity, ripeness, and storage conditions, and could be used as chemical markers in distinguishing different cultivars in apricot [16] and adulteration in pomegranate juice. [17] Fruit rind colour is an attribute that determines consumers' behaviour, and it is accepted as one of the most important external quality parameters. [18] One of the most important quality characteristics of pomegranate is the red pigmentation of seeds and juice. This red colour depends on anthocyanin concentration and on the chemical structure of the individual anthocyanin. [19] To investigate colour quality in a systematic way, it is necessary to objectively determine colour, as well as pigment concentration. [20] The present study was undertaken to develop knowledge on the cultivars from the varietal group 'Mollar de Elche' ME. Pomegranate cultivars from the 'Mollar' group are mid-season high yielders with large size and sweet fruits, deep red rind colour, and soft seeds. [21] To achieve this objective, organic acids, sugars, anthocyanin contents, chromatic parameters (L * , a * , b * , hue angle, and chroma), pH, titratable acidity, and soluble solids content of pomegranate juices were investigated.
MATERIALS AND METHODS

Plant Material
The plant material belonged to the principal pomegranate gene bank of the EU, which is located at the experimental field station of Universitas Miguel Hernández in the province of Alicante, Spain (02
• 03 50 E, 38
• 03 50 N, and 25 masl). Six different pomegranate cultivars belonging to the 'Mollar' group were chosen for this study: ME5 (Mollar de Elche 5), ME16 (Mollar de Elche 16), ME17 (Mollar de Elche 17), MO6 (Mollar de Orihuela 6), MA4 (Mollar de Albatera 4), and MA5 (Mollar de Albatera 5). The selection of these cultivars was based on the results of previous studies [21] and because they are representative of the 'Mollar' group. The fruits of these cultivars were characterized as sweet and presented good organoleptic characteristics, being classified as highly recommendable because of their agronomic and commercial interest and the red colour of their seeds. The experiment was established in a randomised block design with four single-tree replications for each cultivar. Five fruits from each tree were harvested over three consecutive years (2006) (2007) (2008) . Guard rows were used to minimize edge effects. During three consecutive seasons, 20 pomegranate fruits were hand-harvested from October 1-15 when fully mature according to commercial practice to ensure their best flavour and colour.
Analytical Measurements
Chemical composition was determined on the juice obtained by squeezing the seeds (arils). Twenty fruits from each cultivar were weighed and the arils were squeezed with a commercial turmix blender (model JU2000, Moulinex, SEB Iberica, Barcelona, Spain).
Fruit weight. Fruit weights were determined with a Sartorius balance (model BL-600, 0.01 g accuracy, Goettingen, Germany).
pH, total soluble solids, and titratable acidity. The chemical analyses were determined using two juice samples (10 fruits each) for each cultivar. pH was measured with a pH meter (model micropH 2001; Barcelona, Spain). TSS content of the juice was measured with a temperature compensated refractometer (model N-1; Atago Co., Tokyo, Japan), and data were given as
• Brix (±0.2
• Brix at 20 • C). Titratable acidity (TA) was determined by titration with NaOH 0.1 N to pH 8.1. Data were expressed as g citric acid/100 mL. The ripening index (RI) was calculated as the ratio of TSS/TA.
Individual sugars, organic acids, and anthocyanins by HPLC. Juice samples were centrifuged at 15,000 rpm for 20 min. One millilitre of the extract was filtered through a 0.45 µm Millipore filter and then injected into a Hewlett-Packard HPLC series 1100 (Wilmington, DE, USA). The HPLC analysis and the individual anthocyanin identification and quantification were performed as reported previously. [22] The anthocyanins were quantified using an external standard of cyanidin 3-rutinoside, with a C-18 column (12.5 × 0.4 cm, 5 µm particle size), using as solvents water + 5% formic acid (solvent A) and HPLC grade methanol (solvent B). Elution was achieved with a gradient starting with 15% B in A, to reach 35% B at 15 min, then isocratic until 20 min with a solvent flow rate of 1 ml/min and detection with a diode array detector. Chromatograms were recorded at 520 nm for quantification. Organic acids were analyzed by the same HPLC equipped with a UV/Vis detector for organic acids analysis. A standard curve of pure organic acids (oxalic, tartaric, malic, ascorbic, acetic, citric, and fumaric acids) purchased from Sigma (Poole, Dorset, UK) was used for quantification.
Sugars were analysed on the same HPLC equipment equipped with a refractive index detector. Sugars analysis was performed on a NH 2 column (30 cm × 3.9 mm i.d., Waters, Milford, MA, USA) using acetonitrile/water (85:15, v/v) as the mobile phase. A standard curve of pure sugars (glucose, fructose, sucrose, and maltose) purchased from Sigma (Poole, Dorset, UK) was used for quantification. Results for organic acids and sugars were expressed as g 100 −1 juice. Colour. Juice colour determinations were made yearly by triplicate on two juice samples for the three-year study. Values of the CIELAB L * (brightness or lightness; 0 = black, 100 = white), a * (-a * = greenness, +a * = redness), and b * (-b * = blueness, +b * = yellowness) colour variables were measured using the chromatometer Minolta (model CR-300; Ramsey, NJ). Besides a * /b * ratio, the hue angle [
and chroma [C * = (a * 2 + b * 2 ) 1 / 2 ] were calculated. The hue angle and chroma have been accepted as more intuitively understandable colour variables. [23] The colour index (CI) was calculated as previously reported [24] following the equation:
. Statistical analysis. Statistical analyses were performed using the software package SPSS 18.0 for Windows (SPSS Science, Chicago, IL, USA). A basic descriptive statistical analysis was followed by an analysis of variance for mean comparisons. The method used to discriminate among the means (Multiple Range Test) was the Fisher's Least Significant Difference (LSD) procedure at 95.0% confidence level. Correlation analyses between traits to reveal possible relationships were also carried out over the three years. Principal component analysis (PCA) and cluster analysis (CA) were also performed.
RESULTS AND DISCUSSION
Physical and Physicochemical Parameters
Values of some physicochemical parameters affecting pomegranate quality, including pH, TA, TSS, and RI (ripening index), are shown in Table 1 . Fruit weight was not significantly affected by cultivar, although the trees of ME16 yielded the highest fruit weight (351.48 g). These results completely agreed with those found by Shwartz et al. [24] and Drogoudi et al. [25] On the other hand, Al-Said et al. [14] on 'wild' cultivar grown in Oman, and Al-Maiman and Ahmad [26] on 'Taifi' cultivars, declared that the trees produced smaller and lighter fruits. The pH, TSS, TA, and RI were significantly affected by cultivars. The lowest pH value was obtained for MO6 (pH 3.94) and the highest for ME5 (pH 4.07). These results are similar to those for 'Mollar' cultivars [27] and for 'Jabal' pomegranate. [14] The lowest pH values were detected in fruits from 'Taifi' cultivars [26] and 'Izmir' sweet cultivars. [15] Concerning TSS, ME17 juice showed the lowest content (14.79
• Brix) while MO6 yielded the highest TSS (15.81
• Brix). Similar TSS values have been reported for 'Mollar' cultivars from Spain, [27] 'Taifi' cultivars from Saudi Arabia, [26] 'Tatli' cultivar from Turkey, [28] 'Jabal' cultivars from Oman, [14] and 'Izmir' cultivars from Turkey. [15] Titratable acidity ranged between 0.18 and 0.26%. These results agreed with those found in other 'Mollar' cultivars [27] and 'Izmir' cultivars, [15] while higher [24, 25, 28] and lower [14] TA values have been reported. The ripening index (TSS/TA) is used by some authors to classify pomegranate varieties. [27, 29] The following classification has been established for Spanish varieties: [21] ripening index (RI) = 5-7 for sour, RI = 17-24 for sour-sweet, and RI = 31-98 for sweet varieties. Taking into consideration this classification, all cultivars were sweet since the RI ranged from 59.14 (ME5) to 87.95 (MO6).
Sugars and Organic Acids
Fructose, glucose, sucrose, and maltose contents were individually analysed, as they play an important role in pomegranate quality. As previously reported for pomegranate juice, [15, 24, 26, 28, 30] the two major sugars are glucose and fructose. Glucose was present at the highest concentration as already reported, [15, 26] ranging from 60 to 64% of total sugars, followed by fructose, maltose, and sucrose. While values for fructose were in the same range as previously reported in pomegranate juice, [24, 26] they were lower than the values obtained for Turkish pomegranates. [15] Sucrose and maltose were detected in all evaluated cultivars. Similar results were previously reported in other Spanish cultivars. [30] Contents of total sugars were not significantly affected by cultivars (Table 2) . In this study, the mean levels of the glucose/fructose ratio ranged from 1.65 to 1.92; this ratio was lower for 'Taifi' pomegranate cultivars (1.14). [26] Total and individual organic acid contents were significantly affected by cultivar ( Table 3 ). The major organic acid in 'Mollar' cultivars was citric acid (0.15 to 0.22 g 
100
−1 juice). These results agreed with other pomegranate juice studies. [15, 24, 30] Among the six evaluated cultivars, the highest citric acid level was found for ME5 (0.22 g 100 −1 juice) and the lowest for ME16, MA4, and MA5 (0.15 g 100 −1 juice). Malic acid was found to be the second dominant acid for the cultivars ME5, ME16, and ME17 (ranged from 0.052 to 0.065 g 100 −1 juice), while oxalic acid was the second dominant acid for the cultivars MO6, MA4, and MA5 (ranged from 0.047 to 0.051 g 100 −1 juice). These results are similar to those obtained on ten cultivars grown in Turkey. [15] Some differences were found regarding citric and malic acids contents compared to those reported by Melgarejo et al. [30] for the same cultivars. Probably, this may be due to different agonomic conditions.
Tartaric acid was also found in 'Mollar' pomegranate juice (ranged from 0.021 to 0.028 g 100 −1 juice). Other organic acids, such as ascorbic, quinic, succinic, acetic, lactic, and fumaric acids, were detected in the aril juice at minor or trace amounts. [24, 30, 31] 
Anthocyanins and Colour
Cultivars showed no influence in the colour index of pomegranate juice, but total anthocyanin content was significantly affected ( Table 4 ). The individual anthocyanins (delphinidin 3,5-diglucoside; cyanidin 3,5-diglucoside; pelargonidin 3,5-diglucoside; delphinidin 3-glucoside; cyanidin 3-glucoside; pelargonidin 3-glucoside) contents in the juice of selected cultivars were studied as previously reported for pomegranate juice. [22, 27] The analyses revealed that all cultivars had a common anthocyanin profile when harvested at commercial maturity, characterized by the six pigments previously identified in other cultivars. [27] [22, 32] 90-160 mg L −1 in Spanish cultivars, [27] 6-120 mg L −1 in Tunisian pomegranates, [22] 185 mg L −1 in minimally processed pomegranate seeds, [33] and 200 mg L −1 for the 'Wonderful' pomegranate. [19] At harvest, the main anthocyanin was cyanidin 3-glucoside for all cultivars except MA5, with cyanidin 3,5-glucoside as the major one. The concentration values of Cy3 ranged from 21.47 mg L −1 (MA4) to 76.42 mg L −1 (ME5). The second dominant anthocyanin was cyanidin 3,5-diglucoside. Its concentration varied between 18.19 mg L −1 (MO6) and 48.83 mg L −1 (MA5). Cyanidin 3-glucoside was reported as the major pigment in four Spanish cultivars as well as in the 'Wonderful' variety. [11, 22, 27] On the other hand, the most abundant pigment was delphinidin 3,5-diglucoside [34] in eight Iranian cultivars. To determine the relationships between anthocyanins levels and juice colour, L * , a * , b * a * /b * , H • * , C * , and CI were calculated. The brightest coloured rind (high L * value) was found in fruits of Elche 'Mollar' cultivars (ME5, ME16, and ME17), whereas the darkest coloured rind was found on ME5, MO6, MA4, and MA5 (Table 5 ). According to the colour parameters a * /b * , more attractive fruits were found on ME5, ME16, ME17, and MA5. Similar results were obtained in aril juices of two Israelian commercial accessions: 'Wonderful' and 'Rosh-Hapered'. [24] 
Correlation Analysis
The interdependence of the variables was investigated by the analysis of correlation ( Table 6 ). As expected, correlation analyses showed a high correlation between pH and TA (r = −0.494, P ≤ 0.05), as well as between TA and malic acid (r = 0.675). Very strong correlations were found between glucose and total sugars (r = 0.948), citric acid and total acids (r = 0.921), and cyanidin 3-glucoside and total anthocyanins (r = 0.945). Delphinidin 3-glucoside was positively correlated with delphinidin 3,5-diglucoside (r = 0.832). The low correlation value obtained between "colour index" and anthocyanins levels suggested that compounds other than anthocyanins as hydroxycinnamic acids influenced aril colour. [24] Principal Component Analysis (PCA) and Cluster Analysis (CA)
PCA was used to establish genetic relationships among cultivars and to study correlations among fruit traits within sets of pomegranate genotypes. [15] The total variability was explained by the 27 principal components (Table 7) . By using Kaiser's rule, eight principal components were extracted from the data. Nearly 81% of the variability observed was explained by the first eight components (Table 7) . Table 8 showed the correlation between the original variables and the first 3 principal components. PC1 represented mainly anthocyanins (accounting for 22% of the variance). PC2 represented colour parameters and total sugars (account for 15.6% of the variance). PC3 correlated mainly colour parameter a * , Pg3, TSS, and RI (account for 13.5% of the variance). The remaining components explained less variability. Figure 1 represented PC1, PC2, and PC3 plotted on a tridimensional plane. The results obtained from hierarchical CA, using the linkage method between groups, are shown as a dendrogram (Fig. 2) , five main groups were clustered. The first main group was made of two cultivars originated from Elche (ME16 and ME17). High Table 6 Pearson product moment correlations between physicochemical characters. dissimilarity levels were found for cultivars ME5, MO6, MA4, and MA5, being highly heterogeneous among the studied cultivars.
CONCLUSION
In this study, six pomegranate cultivars were analysed for organic acids, sugars, anthocyanins, chromatic parameters, and other quality attributes including pH, TA, TSS content, and RI. The composition of pomegranate juice was definitively affected by the cultivar. All the evaluated cultivars showed high fruit weight, TSS contents and colour indexes, attractive, quality attributes to enhance pomegranate acceptability by consumers as well as to evaluate fruit maturity of this group of cultivars. Citric and malic acids were found to be the most frequent organic acids in pomegranate juice. Fructose and glucose were the most abundant sugars in Spanish 'Mollar' pomegranates. The total anthocyanin content ranged from 72 mg to 200 mg per litre of juice, being cyanidin 3-glucoside the main anthocyanin found followed by cyanidin 3,5-diglucoside. These results may be very useful to food technologists, horticultural researchers, and nutritionists for developing new applications in further pomegranate studies. The results obtained from hierarchical CA led to five main groups. The principal component analysis and cluster analyses showed high dissimilarity levels in cultivars: group of ME16 and ME17, ME5, MO6, MA4, and MA5. 
